Previously, we performed a directed evolution and random mutagenesis with thermotolerant yeast K. marxianus ATCC 36907 for isolating the mutant K. marxianus 36907-FMEL1 having two fold improved xylose reductase activity as compared to the parental strain [11] . K. marxianus 36907-FMEL1 produced xylitol efficiently at 30℃, however, xylitol production was very poor at 40℃ by flask fermentation experiments. As shown in Table 1 , glucose consumption rate and ethanol production rate were not significantly changed by K. marxianus 36907-FMEL1, when fermentation temperatures were increased from 30℃ to 40℃ with 80 g/l of glucose as a sole carbon source. However, xylose consumption rate and xylitol production rate were highly reduced from when fermentation temperatures were increased from 30℃ to 40℃ with 80 g/l of xylose as a sole carbon source. At 40℃, relative xylose consumption and xylitol production rates were decreased to 69% and 47%, respectively, as compared to those from 30℃. Therefore it was speculated that that K. marxianus 36907-FMEL1 might possess low ATP regeneration capability from Recently, we isolated the mutant Kluyveromyces marxianus 36907-FMEL1, which demonstrated improved xylose reductase activity as compared to the parental strain, K. marxianus ATCC 36907. Effects of agitation conditions on xylitol production were verified using a bioreactor system. Under an agitation speed of 400 rpm, K. marxianus 36907-FMEL1 exhibited the highest xylitol yield (0.57 g/g) and productivity (0.64 g·l
at 30℃. When the fermentation temperature was increased to 40℃, interestingly, xylitol yield and productivity were found to be increased to 21% (0.64 g/g) and 58% (0.90 g·l xylose as a sole carbon source for maintaining thermotolerant capability.
Effects of agitation conditions were investigated on xylose consumption rate and xylitol production rate using bioreactor to optimize fermentation conditions for efficient xylitol production by K. marxianus 36907-FMEL1 in this study. To prepare inoculums, K. marxianus 36907-FMEL1 was grown in YP medium (10 g/l yeast extract, 20 g/l Bacto peptone), containing 20 g/l of glucose at 200 rpm and 30℃. After cultivation, cells were harvested at mid-exponential phase, washed twice with sterilized water, and used for inoculations. Flask fermentation experiments were performed using 50 ml YP medium containing 80 g/l of glucose or xylose in 250 ml flasks with an initial OD 600 of 1 at 100 rpm. Bioreactor fermentation experiments were performed using same medium in 2.5 L bioreactor with 1 L working volume at an initial OD 600 of 1 and 0.5 vvm of aeration conditions. After fermentations with various temperatures or agitation conditions, cell growth was monitored on the basis of the OD 600 measured using a UV-visible spectrophotometer (Biomate 5, Thermo, NY). The concentration of various metabolites such as glucose, xylose, xylitol, and ethanol was determined by high-performance liquid chromatography (HPLC 1200 Series, Agilent Technologies, CA) using a Rezex ROA-Organic Acid H + (8%) column (Phenomenex Inc., CA); the instrument was equipped with a refractive index detector. The column was eluted with 0.005 N of H 2 SO 4 at a flow rate of 0.6 ml/min at 50℃. When bioreactor fermentations were performed at 30℃ to 40℃ with different agitation speeds, xylitol productions were highly varied as shown in Table 2 . Only 49 g/l of xylose was consumed with the lowest agitation speed (300 rpm), because of the lowest cell growth. As agitation speeds were increased to 500 rpm, cell growths were gradually increased up to 55 of OD 600 . These results indicated that high agitation speed was suitable for high cell growth by K. marxianus 36907-FMEL1 due to more aerobic conditions. In addition, fermentation times were highly decreased as agitation speeds increased from 96 h to 60 h because of high cell density (Fig. 1) . However, most of consumed xylose was used for only cell growth instead of xylitol production, resulted in the lowest xylitol concentration (9 g/l), yield (0.12 g/g), and productivity (0.14 g· l
) at 500 rpm. Therefore, the highest xylitol production (41 g/l) was exhibited at 400 rpm with the highest xylose consumption (77 g/l), xylitol production yield (0.53 g/g), and productivity (0.57 g·l
Fermentation temperature was increased to 40℃ with various agitation speeds to verify the advantage of thermotolerant capability from K. marxianus 36907-FMEL1 (Fig. 2) . K. marxianus 36907-FMEL1 exhibited similar results at 40℃ as compared to those from 30℃. Only cell growths were significantly reduced at high temperature resulted in relatively higher xylitol production yields (Table 2) . Cell growths were gradually increased as agitation speeds increased and the highest OD 600 was shown with 450 and 500 rpm. At 40℃ with high agita- tion speeds (450 and 500 rpm), xylose consumption rates were highly increased whereas xylitol production yields were significantly decreased as similar as the fermentation results at 30℃. At 400 rpm, K. marxianus 36907-FMEL1 exhibited the highest xylitol concentration (43 g/l) for 48 h, corresponding to the highest xylitol yield (0.64 g/g) and the highest productivity (0.90 g· l ) at 40℃ previously using flask fermentation experiments because of low cell growth (7 of OD 600 ). However, much higher cell growth, xylose consumption rate, and xylitol production rate were achieved at 40℃ through the optimization of agitation conditions by bioreactor fermentation. Those results could suggest that more aerobic conditions led to high cell growth of K. marxianus 36907-FMEL1 which resulted in high xylitol productivity through the optimization of agitation conditions at 40℃ as compared to those from flask fermentation results. In addition, ATP regeneration could be enhanced in more aerobic conditions resulted in increased thermotolerant capability by K. marxianus 36907-FMEL1 at 40℃ [12] . Cofactor (NADH or NADPH) regeneration also might be improved for efficient xylitol production in more aerobic conditions.
As shown in Table 3 , K. marxianus IBM4 consumed xylose and produced xylitol at 40℃ however, it was not efficient because only 14 g/l of xylose was consumed and 7 g/l of xylitol was produced for 96 h [13] . K. marxianus IIPE453 produced 7 g/l of xylitol at 50℃ [14] . However, 75 g/l of glucose was used as a co-substrate which could enhance thermotolerant capability. K. marxianus YZB014 produced 11 g/l of xylitol from 19 g/l of xylose with 0.35 g· l -1
·h
-1 productivity at 42℃ [15] . Interestingly, K.
marxianus YZB074, over-expressed three transporter genes, showed very efficient xylitol production with a high yield which are 101 g/l of xylitol production from 100 g/l of xylose with 2.81 g· l -1 ·h -1 productivity at 45℃ [16] . According to those results, a high xylose uptake rate might be necessary for high xylitol production and a co-substrate (glucose or glycerol) could enhance thermotolerant capability and cell growth. Effects of agitation conditions were verified using bioreactor for optimizing xylitol production by K. marxianus 36907-FMEL1 at high temperatures. Interestingly xylitol production yield and productivity were 21% and 58% increased, respectively at 40℃ as compared to those at 30℃ through the optimization of agitation conditions. High cell growth caused by optimized agitation conditions led to high xylitol productivity at 40℃. In addition, ATP regeneration could be enhanced in more aerobic conditions resulted in increased thermotolerant capability and improved cofactor regeneration by K. marxianus 36907-FMEL1 at 40℃. 
